A Gram-negative, rod-shaped, non-motile, non-spore-forming, pink-pigmented bacterium, SV97
The type II methanotrophic bacteria consist of four genera, Methylocystis and Methylosinus (Bowman et al., 1993) , Methylocella (Dedysh et al., 2000) and Methylocapsa (Dedysh et al., 2002) . They are distinguished from type I methanotrophic bacteria by genetic and phenotypic features. Type II methanotrophs belong to the Alphaproteobacteria, assimilate formaldehyde by the serine pathway, have intracytoplasmic membranes aligned parallel to the cell wall (Methylocystis and Methylosinus), membrane vesicles packed in parallel on one side of the cell membrane (Methylocapsa) or a vesicular membrane system connected to the cytoplasmic membrane (Methylocella), and the major fatty acid is C 18 : 1 v8c (Methylocystis and Methylosinus) (Hanson & Hanson, 1996) or C 18 : 1 v7c (Methylocella and Methylocapsa) (Dedysh et al., 2000 (Dedysh et al., , 2002 . At present, the genus Methylocystis comprises two species with validly published names, Methylocystis parvus (Bowman et al., 1993; Whittenbury et al., 1970) and Methylocystis echinoides (Galchenko et al., 1977) . However, a large number of strains designated as members of the genus Methylocystis has been isolated from several different environments (Dunfield et al., 2002; Heyer et al., 2002; Wise et al., 1999) .
Strain SV97
T was isolated from a soil core collected from a high Arctic wetland near the Ny-Å lesund settlement (78 u 569 N 11u 539 E) on the Svalbard Islands, Norway, in July 1997. At the time of sampling, the soil had a pH of 6?4 and the temperature of the soil was 10 u C at the surface and 5 u C at 10 cm below the surface and the permafrost level was at 25 cm. Methane emission from the same site was determined in July and September 1998 and in July and August 1999 and emission varied from 93 to 2801 mg CH 4 m 22 h 21 (Høj et al., 2005) .
After removal of the fresh vegetation layer, the upper 10 cm of the soil core was mixed and 2 g soil was added to 10 ml nitrate mineral salt (NMS) medium (Whittenbury et al., 1970) at pH 6?8 and shaken for 10 min at 200 r.p.m. After 10 min of sedimentation, 1 ml supernatant was mixed with 9 ml NMS medium in a 120 ml serum bottle (Alltech) and then sealed with a rubber stopper and crimp cap. The gas atmosphere inside the bottle was enriched with methane by replacing 20 ml air with 20 ml CH 4 /CO 2 (95 : 5) mix. The bottle was incubated at 20 u C and subcultured every 2-3 weeks (1 ml culture to 9 ml fresh NMS medium). After four or five subculturing steps in liquid media, bacteria were plated on NMS medium containing 1?5 % noble agar (bacteriological agar type E; Biokar Diagnostics). The plates were incubated at 20 uC in sealed chambers containing approximately 35 % methane in air. Colonies were picked and restreaked. Heterotrophic contamination was checked by streaking colonies on agar plates with rich medium, containing 0?5 % tryptone, 0?25 % yeast extract, 0?1 % glucose and 2?0 % agar. These plates were incubated at 20 u C without additional methane. The cultures were considered to be pure when only one cell type was observed under light microscopy and no growth on nutrient-rich medium or on NMS agar without methane was observed. Exospore formation was assayed by determining cell viability after heating 3-week-old cultures to 80 uC for 20 min and then observing microcolony formation on NMS agar after 2 weeks incubation with methane (Bowman et al., 1993) . Cyst formation was assayed by the method of Vela & Wyss (1964) and by light microscopy of 3-week-old cultures. The presence of poly-b-hydroxybutyrate (PHB) inclusions was determined by staining with 0?03 % (w/v) Sudan black and 0?5 % safranin (Gerhardt, 1981) and observing using phasecontrast microscopy. The presence of PHB was also confirmed by chemical analysis (Gerhardt, 1981) . Tolerance of NaCl concentrations ranging from 0?01 to 1?0 % (w/v) was determined with NMS agar cultures. Growth at pH range 5?5-9?0 was determined in liquid cultures of NMS. The pH of the medium was adjusted with NaOH or HCl. Growth on alternative carbon sources was determined on methanol concentrations ranging from 0?1 to 1?0 % (v/v) and ethanol, formate, formamide, formaldehyde, glucose, sucrose, acetate, citrate and yeast extract, all at 0?1 % (v/v), in liquid cultures of NMS. Ability to fix nitrogen was determined by growth on nitrate (NMS), ammonia (AMS) and nitrogenfree (NFMS) media (Auman et al., 2001) . Possession of the soluble methane monooxygenase (sMMO) was tested for by using a colorimetric assay described by Brusseau et al. (1990) , with modifications (Graham et al., 1992) . The DNA G+C content was determined by thermal denaturation using a spectrophotometer (Cary 4E; Varian) at a heating rate of 0?5 u C min
21
. The DNA G+C content was calculated as described by Mandel et al. (1970) . DNA-DNA hybridization was performed with Methylocystis parvus OBBP T and Methylocystis echinoides IMET 10491 T according to Ezaki et al. (1989) . The 16S rRNA gene, soluble methane monooxygenase gene (mmoX), small subunit of particulate methane monoxygenase gene (pmoA) and nitrogenase reductase structural gene (nifH) were analysed by PCR as described previously (Fuse et al., 1998; Miguez et al., 1997) .
Growth of strain SV97
T was measured at temperatures ranging from 5 to 40 uC, using a temperature gradient apparatus. Cultures of SV97
T were prepared by adding 5 ml starting culture to 27 ml serum bottles. The bottles were sealed with rubber stoppers and crimp caps before 5 ml air was replaced with 5 ml CH 4 /CO 2 (95 : 5) mix and the cultures were grown for 5 days. The OD 600 was measured for the starting culture and for the 5-day-old cultures using a Spectramax 250 microplate spectrophotometer system (Molecular Devices). The maximum OD 600 of strain SV97 T was 0?7 and was measured after 15 days at 20 u C. The experiment was repeated with three replicates at each temperature setting and net growth was calculated by subtracting the OD 600 of the starting culture from the OD 600 values of the 5-day-old cultures. The mean values for net growth and standard deviations were calculated.
Phylogenetic analysis of the 16S rRNA gene sequence was performed using the PHYLIP (Felsenstein, 1993) and TREEVIEW (Page, 1996) software packages after multiple alignment of data by CLUSTAL_X (Thompson et al., 1997) . Distances (Kimura two-parameter model) and clustering by neighbour-joining methods were determined by using bootstrap values based on 100 replicates (Fig. 1) . Phylogenetic analysis and alignment of pmoA data were performed using the software package ARB (Ludwig et al., 2004) (Fig. 2) .
The 16S rRNA gene sequence of strain SV97
T was a continuous stretch of 1438 bp. Sequence similarity calculations indicated that the closest relatives of strain SV97
T with validly published names were Methylocystis parvus OBBP T (97?2 %) and Methylocystis echinoides IMET 10491 T (97 %). High sequence similarities were found with many noncharacterized strains of Methylocystis with GenBank accession nos AJ458507 and AJ458502 (100 %) and AF177299, AJ458510, AJ458467, AJ458471, AJ431384, AJ458475, AJ458484, AJ458501 and AJ458466 (99 %) ( 
Cells of strain SV97
T were non-motile, 0?8-1?1 mm wide and 1?1-2?5 mm in length. Cells often appeared singly or in aggregates, but never in rosettes. Colonies were pink-red pigmented (Fig. 3) . Strain SV97 T grew at all pH values tested, from 5?5 to 9?0, and no exospores or cysts were revealed using the methods described. Strain SV97 T was obligately methane oxidizing; it did not grow on any of the alternative carbon sources tested. Strain SV97 T grew well on both NMS and AMS media and grew poorly on NFMS. The presence of nifH (Poly et al., 2001) indicates that strain SV97
T actively fixes nitrogen (Auman et al., 2001) . A type II intracytoplasmic membrane structure, with pairwise membranes aligned parallel to the cell wall, was confirmed using transmission electron microscopy (Fig. 4) . Staining with Sudan black, phase-contrast microscopy and chemical analysis indicated the presence of PHB inclusions. The major phospholipid fatty acids for strain SV97 T were C 18 : 1 v8 (54?2 %), C 18 : 1 v7 (39?7 %) and C 16 : 1 v7 (6?1 %). Details of the methods used for fatty acid analysis are available as Supplementary material in IJSEM Online. Isolate SV97
T had a DNA G+C content of 62 mol% (± 1 %). Strain SV97
T tested negative for mmoX in PCR assays and no sMMO was detected by the colorimetric assay. Isolate SV97 T had an optimum growth temperature of 27 u C, but grew well at temperatures from 14 to 37 u C (see Supplementary Fig. S1 in IJSEM Online). DNA-DNA hybridization between strain SV97
T and Methylocystis parvus OBBP T and Methylocystis echinoides IMET 10491
T revealed 11 and 12 % DNA-DNA relatedness, respectively. Strain SV97
T differs from M. parvus OBBP T in several phenotypic and genotypic characteristics; it does not have coccibacillus-shaped cells but has rodshaped cells, does not produce cysts, has pink-redpigmented cells, has no urease activity, has a lower DNA Heyer et al. (2002) G+C content (62 mol%) and shows 11 % DNA-DNA hybridization and 97?2 % 16S rRNA gene sequence similarity. Strain SV97 T differs from Methylocystis echinoides IMET 10491 T in that it does not have coccibacillus-shaped cells, does not show spinae, has pink-red-pigmented cells, grows at pH 5?5 and 9?0, produces PHB and shows only 12 % DNA-DNA hybridization and 97 % 16S rRNA gene sequence similarity. These differences are summarized in Table 2 .
Strain SV97
T groups very closely with a number of Methylocystis isolates which have not been fully characterized (Methylocystis spp. 51, 50/54, 495/4 , 'Methylocystis minimus' 82 and Methylocystis echinoides 2) ( Fig. 1 ) and which were isolated from a variety of different environments, including Baltic coast sediment, soil near an oil extraction plant and bog water . From the data available (Table 1) , it can be seen that none of these strains, with the exception of SV97 T , are pink pigmented. One strain, Methylocystis echinoides 2 (Galchenko et al., 1977) , has spinae, the other four strains have no particular distinguishing phenotype, but are all mmoX-positive. These strains may well be representatives of the same species as SV97
T , but this would need to be confirmed by further characterization and DNA-DNA hybridization studies. In view of the phenotypic and genotypic differences between strain SV97
T and the other Methylocystis type species (including 16S rRNA gene sequences, DNA-DNA hybridization and phenotypic characteristics), we propose that strain SV97 T , isolated from wetland soil from the Svalbard Islands, Norway, represents a novel species with the name Methylocystis rosea sp. nov.
According to Rule 65 (2) of the Bacteriological Code (Lapage et al., 1992) , the genus Methylocystis is incorrectly in the masculine gender. As the Greek noun kustis is in the feminine gender, the Neo-Latin name Methylocystis should also be in the feminine gender. In turn, the specific epithet of the type species, Methylocystis parvus, should correctly be parva. The specific epithet echinoides [Methylocystis echinoides (Bowman et al., 1993; Galchenko et al., 1977) ] is correct, but is a Neo-Latin feminine adjective. 
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